Abstract: Cardiovascular diseases, including heart failure are a known complication of Human Immunodeficiency Virus (HIV) infection globally. The objective of this study was to describe factors associated with, and echocardiographic findings of heart failure among HIV infected patients at a tertiary health care facility in Dar es Salaam, Tanzania. Clinical, laboratory and echocardiographic assessment was performed in all HIV-infected patients presenting with cardiac complaints at the medical department, Muhimbili National Hospital between September 2009 and April 2010. HF was diagnosed clinically and confirmed by echocardiography. Of the 102 HIV-infected patients with cardiac complaints 50 (49%) were in HF. Commonest causes of HF were hypertensive heart disease, pulmonary hypertension and dilated cardiomyopathy. In multivariate analysis male gender (OR 4.03), low education (OR 4.91), previous history of tuberculosis (OR 3.01), and low haemoglobin (OR 0.83), were independently associated with the diagnosis of HF (p<0.05 for all). In conclusion, heart failure is common in HIV-infected patients with cardiac complaints, and is associated with both modifiable and non-modifiable factors.
Introduction
Cardiovascular diseases, including heart failure are a known complication of Human Immunodeficiency Virus (HIV) infection both in developing (Longo-Mbenza et al., 1998; Nzuobontane et al., 2002) and in developed countries (Butt et al., 2011; Herskowitz et al., 1993; Himelman et al., 1989) . In a recent publication from the Heart of Soweto study, 12% of newly presenting heart failure cases was attributable to HIV infection (Sliwa et al. 2012) . Among asymptomatic HIV infected individuals, studies have documented sub-clinical cardiac involvement to be prevalent (Twagirumukiza et al., 2007) , and in other studies cardiac abnormalities in HIV infected patients were only detected at autopsy (Lewis, 1989) .
Several factors, apart from the disease progression itself may play part in the progression from asymptomatic cardiac involvement to overt clinical symptoms and heart failure among HIV infected patients. In developing countries where opportunistic infections, low socio-economic status coupled with poor nutrition are a problem, progression towards heart failure may be multifactorial. In a report by Twagirumukiza et al. (2007) , a number of factors including smoking, alcohol consumption and low socio economic status were associated with a diagnosis of dilated cardiomyopathy in apparently asymptomatic, HAART naïve HIV infected patients. However it is unclear if these factors are also independently associated with the development of heart failure from any form of cardiac pathology among HIV infected patients. The aim of this study was therefore to determine factors associated with heart failure in a cohort of HIV infected patients already presenting with cardiac complaints at a tertiary health care facility in Dar es Salaam, Tanzania.
Tanzania. The study was conducted between September 2009 and April 2010 and eligible patients were known HIV infected adults (≥18 years) presenting with cardiac complaints. Patients were excluded if they were less than 18 years and if they did not consent to participate.
Clinical assessment and laboratory tests
A structured questionnaire was used to collect information on socio demographic characteristics, other cardiovascular risk factors and history of drugs use, including antiretrovirals. A detailed past and current history of opportunistic infections/illnesses was also recorded. Height and weight measurements were recorded and were used to determine body mass index. Blood pressure was taken using a mercury sphygmomanometer; a set of three readings five minutes apart were taken. The average of the last two readings was taken as the patient's office blood pressure. Hypertension was defined as blood pressure 140/90mmHg or use of antihypertensive medications.
The New York Heart Association (NYHA) functional classification was used to group patients into classes 1 -4 according to their symptoms at presentation. HIV clinical staging was done using the World Health Organization classification criteria (WHO, 2007) . Venous blood was taken and analyzed for a comprehensive chemistry panel, full blood picture and CD4 + T-lymphocyte cell counts (CD4 + cell count). Anaemia was defined as a haemoglobin level <12g/dl in women and <13g/dl in men (WHO, 1968) . All tests were done at the Muhimbili National Hospital's laboratory, which is the national's reference laboratory.
Echocardiography
The same licensed cardiologist (PC) performed all echocardiograms. A SONOS 7500 Phillips machine with a 3.5-MHZ transducer was used. Patients were examined in the left lateral decubitus position and the procedure followed the Joint European Association of Echocardiography and American Society of Echocardiography guidelines (Lang et al., 2006) . All tests were recorded into Magnetic Optic Disks and measurements were then done offline using the same Phillips Echocardiogram machine. Left ventricular (LV) mass was calculated using an autopsy-validated formula by (Devereux et al., 1986) . LV hypertrophy was considered present when LV mass index was >104g/m 2 in women and >116g/m 2 in men (de Simone et al., 2005) . Relative wall thickness was calculated as twice the posterior wall thickness at end diastole divided by LV internal radius at end diastole, and considered increased if ≥0.43 (Roman et al., 1996) . LV end diastolic and systolic volumes were measured using Simpson's biplane method and were used to calculate ejection fraction, stroke volume and cardiac output as currently recommended (Lang et al., 2006) . LV systolic dysfunction was considered present when ejection fraction was <50%, and diastolic dysfunction was defined according to the European Study Group on Diastolic Heart Failure criteria (European Study Group on Diastolic Heart, 1998).
Pericardial effusion was considered present when there was an echo free space between the visceral and parietal pericardia that persisted throughout the whole cardiac cycle. Effusion was graded as small when it was less than or equal to 2cm, and large when it was more than 2cm on 2-dimensional pictures during diastole. Pulmonary hypertension was defined as echocardiographically estimated pulmonary arterial pressure >35mmHg with or without dilated and/or hypertrophied right ventricle and in the presence of dyspnoea. Dilated cardiomyopathy was defined as the presence of all chambers dilatation and global hypokinesia in the absence of features of hypertensive heart disease or any other apparent cause of global dilatation and hypokinesia.
Patients were classified as having hypertensive heart disease if they were hypertensive and found to have LV hypertrophy or concentric remodelling (i.e. increase in relative wall thickness with normal LV mass index), with either systolic or diastolic dysfunction, or both. Heart failure was defined as having NYHA class 3 or 4 with confirmed structural heart abnormality on echocardiography and LV ejection fraction <50% or Doppler evidence of LV diastolic dysfunction. A second independent cardiologist (JL) re-read all the MO disks, and a consensus between the two Cardiologists had to be reached before the final diagnosis was concluded.
Data analysis
Data was entered and analyzed using the Statistical Package for Social Sciences (SPSS) Version 18. Continuous data are expressed as mean (±SD) and categorical data as number (%). Comparison between groups was done using unpaired Student's t-test for continuous variables and Chi square test for categorical variables. Univariate and finally multivariate binary logistic regression analyses were performed to determine the independent covariates of having a diagnosis of heart failure. A pvalue of less than 0.05 was considered to indicate a statistical significance.
Ethical considerations
Ethical approval was obtained from the Muhimbili University of Health and Allied Sciences Senate's Research and Publications Committee and all participating patients signed a written consent.
Results
A total of 102 HIV infected patients presented with cardiac complaints during the 8 months study period. The patients' mean age was 42.4 years (range = 18-72 years). The proportion of women was 68.6%. Of the 102 patients, 50 (49%) were in heart failure based on the presence of NYHA class 3 or 4 symptoms and confirmed on echocardiogram. Compared to patients without heart failure, those with heart failure were younger, included more men, and had shorter duration of HIV (p < 0.05). They also had lower body mass index, haemoglobin and CD4 + cell counts when compared to patients without heart failure, all p<0.01 (Table 1) . + cell count 209 ± 192 385 ± 259 < 0.001 ARV = antiretroviral, BMI = body mass index, WBC = white blood cell count, ESR = erythrocyte sedimentation rate As expected, significantly more patients with heart failure presented with shortness of breath, orthopnoea, paroxysmal nocturnal dyspnoea and oedema of lower limbs when compared to patients without heart failure (p<0.05), (Table 2) . On the other hand, palpitations and chest pain as presenting symptoms were unspecific, being not significantly different between the two groups of patients (Table 2) . The main causes of heart failure were hypertensive heart disease, pulmonary hypertension and dilated cardiomyopathy. Anaemia as the sole cause of heart failure was present in 8%. Other causes of heart failure were congenital pulmonary stenosis (2%), and aneurysm of the aortic root, with severe aortic regurgitation (4%) (Figure 1 ). Previous history of tuberculosis (pulmonary and extra-pulmonary) was the only opportunistic illness that was significantly more prevalent among patients with heart failure compared to those without heart failure (50% versus 17.3% respectively), p<0.001 (Table 3) . On echocardiography, patients with heart failure had significantly larger ventricles, larger left atrium diameter as well as higher LV mass and LV mass index when compared to patients without heart failure (<0.001), (Table 4) . As expected, LV systolic function as assessed by endocardial fractional shortening and ejection fraction was significantly lower in patients with heart failure, all p<0.001, ( Table 4 ). The peak early to atrial transmitral Doppler flow velocity (E/A) ratio was higher in patients with heart failure and both the isovolumic relaxation time and E deceleration time were shorter in patients with heart failure, reflecting restrictive physiology, (Table 4) . In multivariate logistic regression analysis, male gender, having attained less than secondary school education, previous history of tuberculosis and lower haemoglobin level were independently associated with the diagnosis of heart failure (p<0.05) ( Table 5 ). These associations were independent of age and CD4 + cell count. 
Discussion
From echocardiographic studies in developed and developing world, it is known that cardiac involvement in HIV infected patients is common (Himelman et al., 1989; Lewis, 1989; Herskowitz et al., 1993; Longo-Mbenza et al., 1998; Nzuobontane et al., 2002; Twagirumukiza et al., 2007; Butt et al., 2011) and that although small in contribution, cardiac abnormalities are a known cause of mortality among HIV infected patients (Longo-Mbenza et al., 1998; Bonnet et al., 2002; Smith et al., 2010; Leone et al., 2011) . In Africa, experts of the subject have previously suggested that echocardiogram should be performed in HIV infected patients presenting with cardiac symptoms or signs (Magula et al., 2003) . However, few studies have reported on echocardiographic findings in HIV infected patients presenting with cardiac symptoms, and there is paucity of data from studies addressing factors associated with heart failure in such patients. The present study has added to the current knowledge on cardiac involvement in HIV infected patients in Africa by demonstrating that heart failure is present in almost half of HIV infected patients presenting with cardiac symptoms, that hypertensive heart disease is the main cause of heart failure in such patients, and that anaemia and previous history of tuberculosis infection are modifiable factors that are independently associated with heart failure in HIV infected patients.
Our finding that heart failure is present in 49% of HIV infected patients with cardiac symptoms is higher than that reported in the Heart of Soweto study, in which 29% of HIV infected patients who presented de novo with cardiac complaints had LV systolic dysfunction (Sliwa et al., 2012) . The difference could be due to the fact that in their study, HIV testing was done on suspicion, and as noted in our results some of the causes of heart failure, particularly hypertensive heart disease may not directly be related to HIV. Hence such cases could have been missed out.
Conflicting results have been reported on the association between hypertension and HIV infection, with some suggesting that hypertension is more common in HIV infected patients (Gazzaruso et al., 2003; Seaberg et al.,2005) while others have found no association (Bergersen et al., 2003) . In our study, hypertensive heart disease was the main cause of heart failure and it probably reflects the fact that hypertension is highly prevalent among adults in urban Dar es Salaam (Njelekela et al., 2001) . Furthermore, hypertensive heart disease has been reported as being the main cause of heart failure in several African populations (Stewart et al., 2008; Ojji et al., 2009) . Of note, we have previously reported that neither the duration of HIV nor the use of antiretroviral medications was independently associated with hypertensive heart disease in HIV infected patients with cardiac symptoms. (Chillo et al., 2012) . On the other hand, our findings that pulmonary hypertension, dilated cardiomyopathy and large pericardial effusion were also important causes of heart failure is in keeping with findings from previous reports that the three are important cardiac pathologies in HIV infected patients in Africa (Cegielski et al., 1990; Longo-Mbenza et al., 1998; Nzuobontane et al., 2002; Magula et al., 2003; Twagirumukiza et al., 2007) .
We found anaemia to be very common (73.5%) in the current study, and being significantly higher in those with heart failure (86% vs 61.5%). Furthermore, lower haemoglobin was found to be independently associated with heart failure in multivariate analysis. As is known, the relationship between anaemia and heart failure is double sided. While on one hand anaemia exacerbates heart failure, on the other hand heart failure can cause anaemia. We believe that, at least in this study, anaemia has exacerbated heart failure, as the prevalence of anaemia has previously been reported to be high in HIV infected and antiretroviral naïve patients in Tanzania (Nagu et al., 2012) . In fact, severe anaemia was the only responsible cause of heart failure in four patients in this study.
Our finding that previous history of tuberculosis was independently associated with heart failure was somehow unexpected and information linking the two is lacking although tuberculosis is known to further impair immunity in HIV infected patients (Whalen et al., 1995) . This could have contributed to the occurrence of specific forms of HIV associated cardiomyopathy like dilated cardiomyopathy, which is known to occur in patients with advanced immunodepression (Jacob et al., 1992; Nzuobutane et al., 2002; Twagirumuikiza et al., 2007; Chillo et al., 2012) . Of note is the fact that in our study low CD4 + count was associated with heart failure in univariate analysis. We found an interesting gender difference in relation to heart failure in this study. Firstly, men were less represented (only 31% in the total population) probably reflecting the gender difference in the prevalence of HIV in the general population (THMIS, 2008) . This observation has been reported in previous studies among HIV infected patients in Tanzania, with men comprising of only a third of the HIV infected subjects (Nagu et al., 2008; Mugusi et al., 2010) . Secondly, in this study male gender was independently associated with the diagnosis of heart failure in multivariate analysis, a finding that has previously been reported in both population and hospital based studies. These studies have reported that the prevalence of heart failure is higher among men, and men often have a higher probability of dying from heart failure when compared to women (McKee et al., 1971; Adams et al., 1996 Adams et al., , 1999 . This could be one of the explanations, but it is also possible that other factors like cigarette smoking and alcohol consumption may have confounded this association as more men in this study were smokers (28.1% vs 0%) and took alcohol (50% vs 10%) when compared to women. Furthermore, alcohol consumption and cigarette smoking were associated with heart failure in univariate analysis in our study, similar to the findings by Twagirumukiza et al. (2007) .
In sub-Saharan Africa, low education level is often linked to low socio-economic status, therefore our finding that low education was independently associated with the diagnosis of heart failure among HIV infected patients is in keeping with reports from other studies in sub-Saharan Africa that low socio-economic status is an independent predictor of cardiac disease in HIV infected patients (Longo-Mbenza et al., 1998; Twagirumukiza et al., 2007) . Patients with low socio economic status often have less access to health care and often lack better understanding of their health, which could explain the increased likelihood of these patients to present late to hospital when the disease is more advanced.
The limitation of this study is probably the fact that we did not use the Framingham criteria to actively look for congestive heart failure and therefore some patients without overt symptoms may have been missed. However we believe that we captured all those with symptomatic heart failure since we used both symptoms and echocardiography to diagnose heart failure.
In conclusion, we have shown that heart failure is a common finding among HIV infected patients with cardiac complaints and is associated with modifiable and non modifiable factors. These findings emphasize the importance of early diagnosing and treating tuberculosis, correcting anaemia and control of hypertension among HIV infected patients.
